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The “Scenario Machine” (a computer code designed for studies of the evolution of close bina-
ries) was used to carry out a population synthesis for a wide range of merging astrophysical
objects: main-sequence stars with main-sequence stars; white dwarfs with white dwarfs, neu-
tron stars, and black holes; neutron stars with neutron stars and black holes; and black holes
with black holes.We calculate the rates of such events, and plot the mass distributions for
merging white dwarfs and main-sequence stars. It is shown that Type Ia supernovae can be
used as standard candles only after approximately one billion years of evolution of galaxies.
In the course of this evolution, the average energy of Type Ia supernovae should decrease by
roughly 10%; the maximum and minimum energies of Type Ia supernovae may differ by no
less than by a factor of 1.5. This circumstance should be taken into account in estimations
of parameters of acceleration of the Universe. According to theoretical estimates, the most
massive – as a rule, magnetic – white dwarfs probably originate from mergers of white dwarfs
of lower mass. At least some magnetic Ap and Bp stars may form in mergers of low-mass
main-sequence stars (M . 1.5M⊙) with convective envelopes.
1 Introduction
Here, we consider the role of component mergers in various close binaries in the for-
mation of some astrophysical objects and the generation of one of the greatest natural
phenomena – Type Ia supernovae (SN Ia).
Currently, the most popular explanation for SN Ia is mergers of two carbon-oxygen
white dwarfs (CO WDs) under the action of gravitational radiation, provided the total
mass of the merging dwarfs exceeds the Chandrasekhar limit. This scenario for the for-
mation of SN Ia was suggested in the early 1980s (see, for example, [1, 2]). Up to 40%
suggesting that their progenitors may form an inhomogeneous group of objects [3]. Apart
from mergers of two CO dwarfs, possible origins include the thermonuclear explosion of a
WD in a semi-detached system during the accretion of matter from its companion, when
the dwarf’s mass exceeds the Chandrasekhar limit [4], and a thermonuclear explosion of
a white dwarf with a helium donor star companion; under certain conditions, the mass
of the WD may be lower than the Chandrasekhar limit [5]. Here, however, we consider
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the basic scenario for the formation of SN Ia to be the merging of two CO dwarfs whose
total mass exceeds the Chandrasekhar limit. The high age dispersion of SN Ia precursors,
∼ 108− 1010 years [6] supports this scenario. The conditions for an SN Ia explosion have
also been considered, for example, in [7].
At the end of the twentieth century, observations of distant SN Ia resulted in the
discovery that the expansion of the Universe is accelerating [8, 9]. It was suggested that
SN Ia can be used as standard candles, and that their magnitudes at the maximum
brightness can be determined from the slope of the light curve, according to the regular
trends revealed by Pskovsky [10]. Taking into account the most popular SN Ia model,
we suggest that the use of this type of supernova as standard candles may encounter
an obvious problem: the total mass of the merging WDs may only slightly exceed the
Chandrasekhar limit, or be only a little lower than two Chandrasekhar limits. In this
case, the scatter of SN Ia maximum luminosities could reach a factor of two. Average
total mass of the merging dwarfs decreases with time imitating accelerated expansion of
the Universe. Additional uncertainty is introduced by the fact that current concepts do
not exclude the possibility of a thermonuclear explosion of two merged degenerate dwarfs
whose total mass is somewhat below the Chandrasekhar limit.
Optical observations of SN Ia revealed some inhomogeneity in their properties. A
subtype with lower luminosities, and probably lower energy releases, can be distinguished
(for example, [11]). It remains unclear if this subtype is associated with a decreased
abundance of heavy elements or a lower mass of the pre-supernova. SN Ia may also differ
somewhat in the expansion velocities of their envelopes [12]; again, it is unclear whether
this is due to different explosion energies or, for example, different orientations of the
supernova envelope relative to the observer [13]. The increase in the frequency of SN
Ia explosions at early stages in the evolution of galaxies [14], when the star formation
rate was higher than its present value [15], provides evidence that relatively short-lived
objects with lifetimes of about 1−2·109 years are also among SN Ia progenitors. However,
in most cases, SN Ia progenitors have longer lifetimes [16]. Some SN Ia are embedded
into circumstellar envelopes that are expanding with velocities of up to 50 km/s [17],
suggesting that these supernovae evolved from symbiotic binaries with red-giant donors.
This model was suggested, for example, in [18] to explain novae outbursts, and in [4]
to explain Type I supernovae, which at that time were not yet divided into the Ia, Ib,
and Ic subtypes. A scenario in which degenerate components of close binaries merge
under the action of gravitational waves is also possible, though unlikely, in this case. The
observed envelopes are then the remnants of the common envelopes, which “dissolve” in
the interstellar medium on time scales of ∼ 105 years.
In order to investigate the “standardness” of SN Ia, we have calculated the rates of
mergers of degenerate dwarfs with various chemical compositions, constructed the mass
functions of merging WDs, and derived the average mass of merging dwarfs as a function
of the time since the onset of star formation in a galaxy under various assumptions
concerning the star-formation history. We also consider the results of merging two WDs
with a total mass below the Chandrasekhar limit and of degenerate dwarfs with various
masses and ages.
The magnetic fields of non-interacting magnetic white dwarfs (MWDs) lie in the inter-
val 0.1-1000 MG, with the peak in the distribution around 16 MG (see the review [19]). It
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is commonly believed that MWDs are the remnants of magnetic Ap and Bp stars. There
are also some indications that the MWD mass function is bimodal, with a second max-
imum close to the Chandrasekhar limit. This maximum could correspond to mergers of
degenerate dwarfs. The rotational velocities MWDs are also bimodal: they include both
rapidly rotating stars with rotational periods from roughly 700 s to several hours, as well
as virtually non-rotating MWDs, for which formal estimates of their rotational periods
yield values of the order of 100 years. The rapidly rotating MWDs are naturally through
to arise from mergers of WD components in close binaries. In addition, their rotation
may have been substantially accelerated by accretion during their evolution in a close
binary. Slow MWDs have most likely evolved from stars (either single, or components of
wide binaries) whose cores were strongly magnetized and lost their angular momentum
during interaction with the extended envelope of the star. It can also not be excluded
that the magnetic field strongly affects the initial “mass-radius” relation, and thus the
consequences of the evolution of close binaries, such as the SN Ia rate (see [19]).
A catalog of 112 massive (with masses ≥ 0.8M⊙) WDs (both single and binary) that do
not interact with other stars is presented in [20]. The mass distribution for these dwarfs is
generally continuous, and decrease fairly rapidly with increasing mass. Massive WDs with
strong magnetic fields display an almost flat mass distribution. Note that the four most
massive WDs (with masses ≥ 1.3M⊙)are magnetic. The presence of a magnetic field is not
correlated with the temperature (and probably also not with the age) of the white dwarf:
magnetic and non-magnetic degenerate dwarfs have the same temperature distributions
[20]. Table 1 in [20], shows that 3 of 25 MWDs are components of binaries. Only one of
these three dwarfs (EUVE J0317-855) is among the most massive; it is situated in a very
wide system, with an approximate component separation of 1000 AU(see, for example,
[21]); consequently, these stars have never interacted. The high rotational velocity, high
mass, and an age inconsistent with the suggested companion (the WD LB 9802) suggest
that EUVE J0317-855 may be the result of a merger of two WDs [19, 22, 23].
Mergers of rotating, close, binary, stellar-mass black holes yield peculiar consequences
[24, 25]. Modeling has shown that the black holes formed as a result of the merger can
acquire velocities of several thousands of km/s. These stars subsequently leave not only
their parent galaxies, but also the clusters of galaxies to which they belong. Such black
holes can have covered distances of ≈ 50 Mpc over the Hubble time. Thus, they form
a kind of continuous medium filling the space between clusters of galaxies located at
distances of up to 35-70 Mpc [26]. We have calculated the rates of mergers of neutron
stars (NSs) with WDs and with black holes (BHs). Our aim was to obtain theoretical
merger rates for various compact objects (WDs, NSs, BHs), using the same computer
code (the “Scenario Machine”) to carry out population syntheses for the same sets of
parameters of the evolutionary scenario. A thorough study of mergers of NSs with NSs
and BHs and of the impact of various parameters of the evolutionary scenario on these
events are presented, for example, in [27, 28].
The current state of studies of the evolutionary status of Ap and Bp stars is described
in detail in [29]. We are primarily interested in the occurrence rate for magnetic Ap stars
among all A stars. Roughly, R = N(Ap)
N(Ap)+N(A)
(here, N(Ap) is the number of magnetic Ap
stars and N(A) the number of A stars). If we restrict the volume in which this relation
is measured, R becomes equal to 0.01-0.02 [30]. Here, we suggest that magnetic Ap stars
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are the products of mergers of components in close binaries with convective envelopes
due to the action of the magnetic stellar wind (MSW)1. In this case, the maximum
and minimum initial semimajor axes in such systems are amax/R⊙ ≃ 7.25M/M⊙ and
amin/R⊙ ≃ 6(M/M⊙)
1/3 (. [31]), where M is the mass of each of the binary components,
assumed for this estimate to be equal. Only components in close binaries for which the
initial masses of each component exceed ≈ 0.75M⊙ (with a total mass of ≈ 1.5M⊙).
can merge. The interval of semimajor axes in the merging systems increases from zero
for M ≈ 0.75M⊙ to 7 − 11R⊙ for M = 1.5M⊙. The latter can be estimated using the
following equation describing the loss of orbital angular momentum of the system via the
MSW (see Eq. (34) in [31]):
d ln J
dt
= −10−14
R42(M1 +M2)
2R⊙
λ2a5M1M⊙
s−1, (1)
where M2 and R2 are the mass and radius of the component with the MSW, M1 is the
mass of the secondary, a is the semimajor axis of the orbit, and λ is the MSW parameter
(assumed to be unity). The above interval for the semimajor axes corresponds to a rate of
formation of Ap stars of several per cent of the total number of stars with initial masses
exceeding ∼ M⊙. In this scenario, the strong magnetic fields of the progenitors of Ap
stars explain the presence of strong fields in Ap stars. The equatorial rotational velocities
of magnetic Ap stars for R ≃ 2R⊙ and Porb = 0.5 − 5 day are 20 − 200 km/s; i.e., they
can be high. Note also that the low rotational velocity displayed by many Ap stars does
not unambiguously argue against the possible formation of Ap stars as a result of mergers
of main-sequence stars with convective envelopes, since angular momentum could be lost
together with some of the matter in the course of the merger.
2 Population synthesis
The principles of the “Scenario Machine” have been described repeatedly, and we
will restrict our consideration to the selection of the free parameters of the evolutionary
scenario. A detailed description of the code is presented in [27, 32, 33].
For each set of evolutionary-scenario parameters, we carried out a population synthesis
for 106 binaries. The rates of events and the numbers of objects in the Galaxy are obtained,
assuming that all stars are binary. In our study, we took as free parameters the efficiency
of the common envelope stage, αCE , and the additional kick velocity acquired during the
formation of neutron stars and black holes.
2.1 Kick Acquired in a Supernova Explosion
We assumed that the NS or BH that forms during a supernova explosion can acquire
a kick velocity v, which is random and has a Maxwell distribution:
f(v) ∼
v2
v30
e
−
v
2
v
2
0 , (2)
1We will consider the magnetic stellar wind only from the primary (more massive) component
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with all directions for the kick being equally probable. The characteristic velocity v0,
acquired by the remnant is one of the critical parameters for estimating the birth rates
for systems that remain bound after the supernova explosions in them. Naturally, the
results of the population synthesis strongly depend on v0. Increasing v0 to velocities above
the orbital velocities in close binaries (∼ 100 km/s) results in a dramatic decrease in the
number of systems containing relativistic components [28]. Note, however, that this kick
can not only disrupt, but also bind some systems that would have decayed without it.
It is believed that the magnitude of the kick velocity acquired during the formation
of a BH depends on the fraction of mass lost by the star in the supernova explosion. We
assume that a star loses half its mass in the explosion [34]. Thus, for a BH, we take the
characteristic kick velocity v0 and obtain the velocity v, according to the distribution (2),
which we divide by two.
2.2 Mass-loss Efficiency in the Common-Envelope Stage
During the common-envelope stage, stars transfer angular momentum to the adjacent
matter of the envelope very efficiently in course of spiral-in. The efficiency of the mass loss
in the common-envelope stage is described by the parameter αCE = ∆Eb/∆Eorb, where
∆Eb = Egrav −Ethermal is the binding energy of the ejected envelope matter and ∆Eorb is
the decrease in the orbital energy of the system as the stars approach [31, 35]. Thus, we
obtain
αCE
(
GMaMc
2af
−
GMaMd
2ai
)
=
GMd(Md −Mc)
Rd
, (3)
where Mc is the core mass of the mass-losing star, which has an initial mass Md and
radius Rd (which is a function of the initial semimajor axis ai and the initial mass ratio
Ma/Md, where Ma is the mass of the accretor).
2.3 Other Parameters of the Evolutionary Scenario
In this Section, we present values for some parameters of the evolutionary sce-
nario. The maximum mass of a NS that can be reached in the course of accretion (the
Oppenheimer-Volkov limit), was taken to be MOV = 2.0M⊙, while the initial masses of
young NSs were randomly distributed in the interval 1.25−1.44M⊙We assumed that main
sequence stars with initial masses in the interval 10 − 25M⊙ end their evolution as NSs.
We augmented the progenitors of NSs with main sequence components of close binaries
that increase their mass as a result of mass transfer, after which their mass reaches the
above interval. More massive stars ultimately evolve into BHs, and less massive stars into
WDs. In the calculations carried out here, we adopted an equiprobable (flat) distribution
for the component mass ratios of the initial binaries [31] and a zero initial eccentricity for
their orbits. All the calculations presented here assume a classical weak stellar wind (see
[32], and also the A evolutionary scenario in [34]). We also adopted a flat distribution for
the initial semimajor axes in the binaries d(log a) = const in the interval 5− 106R⊙.
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3 Results
Table 1 presents the birth and merger rates for WDs with various chemical compo-
sitions, as well as the rates for WD mergers with NSs and BHs, calculated for various
mass loss efficiencies in the common-envelope stage αCE . Table 2 contains the rates of
mergers of NSs with NSs and BHs for various characteristic kick velocities acquired during
the formation of the NSs (v0) and BHs (v
bh
0 ). The rates of events in Tables 1 and 2 are
calculated for a galaxy with a total mass of stars and gas of 1011M⊙ and a star formation
rate specified by the Salpeter function.
Figures 1a-d present the WD mass distributions. The solid curve presents the distri-
butions for WDs that have not undergone a merger, and the dash-dotted curve the total
mass distribution for merging WDs. Figure 1a shows the distributions for WDs of all
chemical compositions, Fig. 1b for helium WDs, Fig. 1c for carbon-oxygen WDs, and
Fig. 1d for oxygen-neon WDs. Figure 1e plots the total mass distribution for merging
WDs with various chemical compositions: the solid curve indicates mergers of oxygen-
neon WDs with carbon-oxygen WDs, the dash-dotted curve mergers of oxygen-neon WDs
with helium WDs, and the dotted curve mergers of carbon-oxygen WDs with helium
WDs.
Figures 2a-c present the average mass of merging WDs as a function of the time since
the onset of the formation of these stars. Depending on the mass of the formed binary
WD and the semimajor axis of the WD binary, the time until the merger due to the action
of gravitational waves can range from several tens of million years up to the Hubble time.
The number of mergers of WDs Nδ(t) was calculated assuming all stars in a galaxy are
born simultaneously (with the star formation rate represented by a δ function). The
evolution of this quantity in a galaxy with arbitrary star formation is specified by the
formula
N(t) =
t∫
0
Nδ(t− τ)ϕ(τ)dτ, (4)
where N(t) is the number of mergers as a function of time t since the onset of star
formation and ϕ(t) a function describing the star-formation history. The average mass of
merging dwarfs M(t, t+∆t) is given by
M(t, t+∆t) =
∑
i
Mi
N(t, t +∆t)
, (5)
here Mi are sums of the masses of WDs merging at a time in the interval t to t + ∆t.
Figure 2a presents the average masses of merging WDs calculated assuming that all stars
in the galaxy form simultaneously (the function Nδ(t), calculated using the “Scenario
Machine”); a constant star formation rate was assumed in Fig. 2b; the star formation
history presented in [36] was used to construct the curves in Fig. 2c; the numbers of
mergers for the graphs in Fig. 2 band 2c were calculated using (4). The numbers in Figs
2a-2c denote the average masses of 1 all merging WDs, 2 merging WDs with all possible
chemical compositions (but including only mergers in which the total mass of the WDs
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exceeds the Chandrasekhar limit), 3 carbonoxygen WDs, 4 carbon-oxygen WDs whose
total mass exceeds the Chandrasekhar limit.
The time since the formation of a binary WD system that can later merge due to the
radiation of gravitational waves depends on the masses of the WDs in the system, as well
as the semimajor axis of the system. Figure 3 presents the dependence of the number of
mergers of carbon-oxygen WDs whose total masses exceed the Chandrasekhar limit on
the time since the formation of the close binary containing two CO dwarfs.
Figure 4 presents the mass distribution for Ap stars, here considered to be main
sequence stars formed in mergers of main sequence stars with convective envelopes under
the action of the magnetic stellar wind. Most of these have masses in the interval 1.7 −
2.5M⊙.
4 Conclusion
We can see from Fig. 1a that the number of WDs with low masses (. 1M⊙) origi-
nating due to mergers2 is substantially smaller than the number of WDs that have never
undergone merging. The mass distribution for WDs that are the end products of stellar
evolution rather than of mergers of other WDs rapidly decreases towards higher mass,
while the mass distribution for merging WDs with masses exceeding the solar value is
essentially flat. The numbers of WDs originating in mergers and WDs that have not un-
dergone merging become roughly equal for masses near 1.1M⊙. Naturally, at the highest
masses (≈ 1.3M⊙), the number of WDs that form due to merging exceeds the number
that have never undergone merging by roughly a factor of ten. This result is in good
consistency with the observations: on average, MWDs are more massive than WDs in
general, and the number of magnetic stars among the most massive dwarfs is an order of
magnitude higher than the number of non-magnetic stars [37]. When comparing Figs. 2
and 3 in [20], we see also that MWDs dominate in the mass distributions for magnetic
and non-magnetic WDs with masses ≈ 1.2− 1.3M⊙ though the statistics are fairly poor.
Figures 1d and 1e show that the main contribution to the total mass distribution in the
interval 1.1−1.4M⊙ is made by mergers of carbon-oxygen WDs, with a small contribution
also made by mergers of oxygen-neon with carbon-oxygen WDs. Thus, we conclude that
nearly all of the most massive MWDs originated as a result of mergers of close binary
degenerate dwarfs.
Figures 2a-2c show that the average mass of merging WDs (without dividing them
into different types according to their chemical composition) decreases rapidly with the
age of the population, from ≈ 2.1M⊙ to less than 1M⊙. However, the average mass
of merging WDs whose total mass exceeds the Chandrasekhar limit decreases rapidly
from the maximum value to (≈ 1.8 − 1.9M⊙), after which it remains nearly constant
with time. The same pattern is observed if we restrict our consideration to the most
popular candidate SN Ia progenitors – mergers of carbon-oxygen dwarfs with carbon-
oxygen dwarfs. In a young galaxy, the average total mass of merging CO dwarfs is about
1.9M⊙. For times . 1 ·10
9 years, this decreases to 1.6−1.7M⊙ then remains the same for
the subsequent 13 billion years of evolution. Thus, we conclude that SN Ia can be used as
2With the total mass of the merging dwarfs below the Chandrasekhar limit.
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standard candles only in galaxies older than approximately one billion years. If we assume
that star formation begins at redshift3 z=10, then the average total mass of merging CO
dwarfs will stop decreasing only at redshifts z of about two to three. This conclusion
does not depend on our selection of star-formation functions (from those considered in
the present study). Figure 1c indicates that the maximum mass of merging CO dwarfs is
roughly 2.1M⊙, which exceeds the Chandrasekhar limit by a factor of 1.5. If we suppose
that the energy release at the time of the thermonuclear explosion of the merged dwarfs
is proportional to the mass, we expect that the scatter in the brightnesses of SN Ia at
their maximum luminosity is also roughly a factor of 1.5 (or 0m.5). The conclusion that
expansion of the Universe was accerating reported in [8, 9] (Figures 4 and 5 in [8] and
Figure 2 in [9]) was based on observations of SN Ia at distances of up to z ∼ 1. The
errors in the supernova brightnesses in these studies are about 0m.5. Consequently, the
evolution of the average total mass of merging WDs and the scatter of the total mass
about the average could not substantially affect the main conclusions of [8, 9]. However,
it is essential to take into account described decrease of the total mass of merging white
dwarfs with time in accurate estimations of parameters of acceleration of the Universe.
Chemical composition variations may introduce additional scatter into the brightnesses
of distant, “young” SN Ia; however, the present estimates of this effect suggest that this
factor can be neglected [38].
Figure 3 indicates that the minimum time for two carbon-oxygen WDs whose total
mass exceeds the Chandrasekhar limit to merge is roughly 90 thousand years. During
the first million years of their lives, roughly 1% of such binary CO dwarfs merge. Conse-
quently, in most cases, the envelopes of SN Ia (considered in [17]) cannot consist of matter
ejected by the stars during the common-envelope stage, and the formation of SN Ia via
the merging of two CO dwarfs in systems with envelopes is unlikely.
According to our calculations, the rate of mergers of main sequence stars under the ac-
tion of the magnetic stellar wind for masses from 0.75M⊙ to 1.5M⊙ is roughly 0.0037/year
in the Galaxy, while the total number of main-sequence stars in the Galaxy formed due to
mergers for masses from 1.5 to 3M⊙ is roughly 2.7 ·10
6. The total birth rate for stars with
masses of 1.5-3M⊙ is 0.26/year, with the total number of such stars in the Galaxy being
2.4 · 108. Thus, the fraction of main-sequence stars formed due to mergers of components
due to the action of the MSW in the indicated mass interval given by the population
synthesis computations is in good agreement with the fraction of Ap stars among A-type
stars in a restricted volume [30]. The mass distribution for stars formed by mergers dif-
fers from a Salpeter distribution (Fig. 4). An attempt to distinguish the mass and age
distributions for ordinary A and B stars and magnetic Ap and Bp stars was made, for
example, in [39], but the available statistics were too poor to enable unambiguous con-
clusions about whether the mass and age distributions for magnetic and ordinary A and
B stars are similar or different [29]. Therefore, based on the results of our population
synthesis, we conclude that at least some magnetic Ap and Bp stars could be formed by
mergers of main sequence stars with convective envelopes under the action of the MSW4;
3Here we use the simple formula t(z) = 2
3H0(1+z)3/2
, where t is the time since the Big Bang, z the
redshift, and H0 the Hubble constant, which in our approximate calculations is taken to be 75 km s
−1
Mpc−1.
44We assumed that the magnetic stellar wind alters the rotational angular momentum in accordance
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however, this hypothesis still awaits observational confirmation.
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Figure captions
Figure 1: The mass distribution for WDs that have not undergone mergers (solid
curve) and the total mass distribution for merging WDs (dash-dotted curve). The hori-
zontal axis plots the mass of the WD in M⊙ (the total mass of the two WDs in the case of
merging WDs), and the vertical axis the number of WDs (and of mergers) derived from
the calculations. Graph (a) corresponds to all types of chemical compositions of WDs,
(b) to helium WDs, (c) to carbon-oxygen WDs, (d) to oxygen-neon WDs, and graph (e)
presents the total mass distribution for merging WDs of various chemical compositions.
In graph (e), α denotes ONe+CO, β ONe+He, and γ CO+He.
Figure 2: The average mass of merging WDs as a function of time from the onset of the
star formation. The numbers at the top mark the curves corresponding to mergers of 1 all
WDs, 2 WDs of all possible chemical compositions, but taking into account only mergers
in which the total mass of the WDs exceeds the Chandrasekhar limit, 3 carbon-oxygen
WDs, and 4 carbon-oxygen WDs with the total mass exceeding the Chandrasekhar limit.
The following assumptions for the star formation history were made: (a) all stars in a
galaxy were formed at the same initial time, (b) the star formation rate has been constant,
(c) the star formation history corresponds to that in [36].
Figure 3: Distribution of the lifetime from the formation of a binary system consisting
of two CO dwarfs to their merger (SN Ia explosion), for carbon-oxygen WD binaries with
total masses exceeding the Chandrasekhar limit.
Figure 4: Mass distribution for main sequence stars formed in mergers of main se-
quence stars with convective envelopes under the action of the magnetic stellar wind.
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Table 1: Birth and merger rates for various types of WD, and rates of mergers of WDs
with NSs and BHs, calculated for various efficiencies of the common envelope stage αCE,
per year in the Galaxy.
Event \ αCE 0.3 0.5 1.0
He+He1 0.016 0.015 0.011
He+Any2 0.066 0.08 0.1
CO+CO1 4.7 · 10−3 4.8 · 10−3 4.4 · 10−3
CO+CO1,3 1.9 · 10−3 1.9 · 10−3 1.8 · 10−3
CO+Any2 0.49 0.49 0.5
ONe+ONe1 1.1 · 10−4 4.7 · 10−4 7.7 · 10−4
ONe+Any2 0.004 4.7 · 10−3 5.4 · 10−3
ONe+He1 3.5 · 10−5 6 · 10−5 2.8 · 10−4
CO+He1 0.006 8.5 · 10−3 8.2 · 10−3
ONe+CO1 0.002 2.4 · 10−3 1.8 · 10−3
NS+WD1 4.7 · 10−4 4.7 · 10−4 6.1 · 10−4
BH+WD1 0 1.5 · 10−6 3.7 · 10−6
1Merging of corresponding objects.
2Formation of corresponding systems.
3The total mass of the merging dwarfs exceeds the Chandrasekhar limit.
Table 2: Rates for mergers of NSs with NSs and BHs calculated for varioius kick velocities
obtained during the formation of the NSs (v0) and (v
bh
0 ), per year in the Galaxy.
Event v0, v
bh
0 , km/s
0, 0 100, 0 100, 100
NS+NS 5.5 · 10−4 1.3 · 10−4 1.3 · 10−4
BH+NS 1.5 · 10−4 1.6 · 10−4 1.3 · 10−4
BH+BH 9.8 · 10−5 9.8 · 10−5 1.2 · 10−4
The velocity of the BH was taken from (2) with vbh0 , then halved.
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